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The d e f i n i t i o n  phase of the  Onboard Checkout and Data 
Management System (OCDMS) h a s  e s t a b l i s h e d  sof tware  as an i n t e r -  
g r a l  p a r t  of t h e  system. That i s ,  t h e  General S p e c i f i c a t i o n  
f o r  Performance and Design, Reference ll., i d e n t i f i e d  three 
major OCDMS f u n c t i o n a l  a r e a s  which inc ludes  t h e  Computer Sub- 
system, Communication Subsystem, and Software Subsystem. I n  
many r e s p e c t s ,  t h i s  des ign  approach d i f fe rs  from t h e  u s u a l  
system d e f i n i t i o n  which r e s u l t s  f rom t h e  s tudy  preceding  t h e  
a c q u i s i t i o n  of computer-based systems. Computer problem-solving 
a p p l i c a t i o n  always r e q u i r e  def ined  s ~ f t w a r e  snap+ y- - - - - - . -  f i  r a t i o n s ;  hii i  
n o t  normally as i n t e g r a l  t o  t h e  d e f i n i t i o n  of t h e  system des ign .  
Thus, p a r t s  of t h e  sof tware  s u c n  as  t h e  i n t e r r u p t - h a n d l i n g  pro- . 
cedure ,  t h e  c o r e - a l l o c a t i o n  scheme, and t h e  task-schedul ing  
a lgo r i thm w i l l  have s u b s t a n t i a l  e f f e c t  upon t h e  o v e r a l l  p e r f o r -  
mance o f  t h e  system. 
- 
0 
Moreover, t h e  so f tware  des ign  c r i t e r i a  because of  i t s  
sys tem s i g n i f i c a n c e  and tendency t o  s t a n d a r d i z e  a p p l i c a t i o n  
o t h e r  main subsystems. Therefore ,  t h e  purpose o f  t h i s  memo- 
randum i s  t o  p r e s e n t  t h e  results of a n a l y s i s  d i r e c t e d  t o  such 
an o b j e c t i v e .  Software motivated c r i t e r i a  t o  a i d  i n  s e l e c t i o n  
o f  t h e  OCDMS computer are developed. 
OCDMS o p e r a t i n g  concepts ,  manufacturer-suppl ied so f tware  a v a i l -  
a b i l i t y ,  and cos t  imp l i ca t ions  of supplementing t h a t  so f tware  
are major a r e a s  of s e l e c t i o n  concern.  
However, the  d e c i s i o n  f a c t o r s  developed i n  t h i s  t e x t  must 
. approaches can  h e l p  select  c e r t a i n  o p e r a t i o n a l  f e a t u r e s  o f  t h e  
Compa t ib i l i t y  w i t h  t h e  
n o t  be cons idered  i n  c o n f l i c t  w i t h  t h e  computer performance/ 
a e s i g n  requirements  detai led by t h e  OCDMS General  S p e c i f i c a t i o n ,  
r e f e r e n c e  11. T h i s  c r i t e r i a  is in tended  t o  a i d  i n  s e l e c t i o n  of 
a s i n g l e  computer from s e v e r a l  which may s a t i s f y  t h e  s p e c i f i c a -  
t i o n s ,  o r  which p r e s e n t  possible hardware t r a d e - o f f s  i n  f a v o r  
-
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of software development. The requirements identified by 0 
the General Specifications are nevertheless proper pre- 
requisites for the OCDMS computer and are not explicitly 
repeated in this text. 
attributed to reliability, low power demands, and space 
conservation because of the emphasis given here to com- 
puter programming aspects. 
No less significance should be 
. 
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11. MISSION BASELINE 
The g e n e r a l  concensus of op in ion  expressed  by Williman, 
Alonso, and Av iz i en i s  i n  r e l a t e d  r e c e n t  eng inee r ing  l i t e r a t u r e  
(see r e f e r e n c e s  1 6 ,  1 7 ,  and 1 8 )  i s  t h a t  f u t u r e  mission com- 
p l e x i t y ,  by i t s e l f ,  j u s t i f i e s  h i g h l y  s o p h i s t i c a t e d  spaceborne 
computers wnich can be  app l i ed  t o  t h e  reduct ion  o f  o p e r a t i o n a l  
compl ica t ions .  Redundant, h igh ly  modular, p a r a l l e l ,  and re- 
c o n f i g u r a b l e  systems are considered t h e  b a s i c  o r g a n i z a t i o n a l  
s t r u c t u r e  capable  of providing s u c c e s s f u l  a t t a i n m e n t  o f  miss ion  
o b j e c t i v e s .  
N o  s e r i o u s  argument appears  t o  e x i s t  t h a t  t h e  computer 
s e l e c t i o n  c r i t e r i a  should n o t  depend on t h e  d e f i n i t i o n  of in -  
format ion  p rocess ing  requirements ,  and as such w i l l  be  h igh ly  
miss ion  dependent. T h u s ,  o p e r a t i o n a l  demands w i t h  impact on 
computer a p p l i c a t i o n s  w i l l  be m o s t  convenient ly  i d e n t i f i e d  i n  
terms of :  
a 
0 Trac ing  t h e  informat ion  flow of a l l  command/control 
messages: 
0 I d e n t i f i c a t i o n  and l o c a t i o n  of  all p o t e n t i a l  i n f o r -  
ma%ion t r a n s f o r m a t i o n  ~ e i n t s ;  
Grouping o p e r a t i o n a l  s t e p s  between c o n t r o l  p o i n t s ;  
p o i n t s ,  t h e  f l o w  o f  i n fo rma t ion  ana/or  t i m e ,  and 
t h e  a l l o c a t i o n s  of resources .  
0 
0 Developing flow charts which r e p r e s e n t  c o n t r o l  
The above must be examined on t h e  b a s i s  o f  t h e  p a r t i c u l a r  
p r o j e c t s  w i t h  which a given OCDMS c o n f i g u r a t i o n  i s  used on 
( e .g . ,  launch v e h i c l e ,  s p a c e c r a f t ,  launch suppor t ,  i n t e g r a t i o n  
t e s t  and checkout ) .  Var iab les  must b e  i d e n t i f i e d  t h a t  r e l a t e .  
compztzr a p p l i c a t i o n s  w i t h :  
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0 
0 
a 
0 
a 
0 
a 
a 
0 
0 
c r e w  and suppor t  personnel  o p e r a t i o n s  
mechanical  and s t r u c t u r a l  systems 
e l ec t r i ca l  and network systems 
guidance and naviga t ion  systems 
p ropu l s ion  and a t t i t u d e  c o n t r o l  systems 
l i f e  suppor t  and environment c o n t r o l  system 
d a t a  and communication systems 
GSE and f a c i l i t y  systems 
s c i e n t i  f i c/enginee r ing  expe riment a t  i on  s y s  t e m s  
o t h e r  ground/vehicle systems as e s t a b l i s h e d  by 
t h e  product  conf igu ra t ion  b a s e l i n e .  
P r e s e n t  a n a l y s i s  i n d i c a t e s  t h a t  these k inds  of v a r i a b l e s  w i l l  
g e n e r a l l y  invo lve  o p e r a t i o n s  which permi t  s imultaneous inde-  
pendent  o p e r a t i o n s  on each i n d i v i d u a l  v a r i a b l e  w i t h i n  t h e  se t .  
Th i s  i s  impor tan t  n o t  only from t h e  s t a n d p o i n t  of e s t a b l i s h i n g  
p o t e n t i a l  a p p l i c a t i o n s  of OCDMS, b u t  a l so  i s  a 'governing 
f ac to r  which h e a v i l y  in f luences  t h e  development of t h i s  com- 
. .  
0 
p u t e r  s e l e c t i o n  c r i te r ia ,  as w i l l  be shown. 
111. OPERATIONAL REQUIREMENTS 
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A probable  outcome of  m u l t i p l e  miss ion  o p e r a t i o n a l  
requirements  w i l l  be a family of OCDMS spaceborne computers. 
I t  i s  reasonable  t o  expec t  t h a t  no  s i n g l e  computer configura-  
t i o n  w i l l  s a t i s f y  t h e  set  o f  a n t i c i p a t e d  miss ions  which are 
l i k e l y  t o  inc lude  earth-orbit  space s t a t i o n s ,  l u n a r  explora-  
t i o n ,  Mars and Venus o r b i t a l  m i s s i o n s ,  Mars manned l and ing ,  
and o t h e r  manned or  unmanned p l a n e t a r y / s o l a r  system probes.  
Even s u p e r f i c i a l  a n a l y s i s  of o p e r a t i o n a l  a s p e c t s  of  such 
miss ions  i n d i c a t e s  a wide r a n g e  of performance c r i t e r i a ,  i n d i -  
ces, o b j e c t  f u n c t i o n s ,  and penal ty  f u n c t i o n s  which w i l l  be 
involved .  
The OCDMS development has to-date and w i l l  cont inue  t o  
fol low t h e  g u i d e l i n e s  of t h e  Apollo Conf igu ra t ion  Management 
Manual, NPC 500-1. This  means t h a t  t h e  o p e r a t i o n  requirements  
t h a t  w i l l  i n f l u e n c e  t h e  p a r t i c u l a r  OCDMS computer conf igura-  
t i o n  w i l l  be expressed  i n  terms of :  
0 
0 Performance C h a r a c t e r i s t i c s  
0 System D e f i n i t i o n s  
0 O p e r a b i l i t y  
- R e l i a b i l i t y  
- M a i n t a i n a b i l i t y  
- Useful  L i f e  
- Human Engineer ing  
- Safe ty  
- Environment (Operat ing and Induced) 
Othe r  OCDMS documentation has d e s c r i b e d  and s p e c i f i e d  
these q u a n t i t i e s  i n  cons ide rab le  d e t a i l  (References 7-14)  
The reasor! f o r  r e f e r r i n g  t o  these doc*xi,er;ts i s  t o  emphasize 
t h a t  t hey  r e p r e s e n t  p r i n c i p l e  e l e m e n t s  o f  t h e  d a t a  b a s e ,  o r  
i n  some way re la te  t o  parameters  i n  t h e  OCDMS computing process .  
0 
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A sequence of i n s t r u c t i o n s  w i l l  perform on t h e s e  parameters  or 
d a t a  sets i n  t h e  OCDMS computing p rocess  j u s t  a s  i n  a l l  o t h e r  
computer a p p l i c a t i o n s .  
A computer program always c o n s i s t s  of an o rde red  s e t  of 
i n s t r u c t i o n s .  
p u l a t i o n  on one or t w o  elements of t h e  data  set .  I f  t h e  ele- 
ment i s  a s i n g l e  b i t  and only one such b i t  can be manipulated 
a t  any one computat ional  per iod ,  t hen  t h e  p rocess  i s  s t r i c t l y  
s e r i a l l y  s e q u e n t i a l .  
However, t h e  usua l  case i s  t o  in t roduce  d a t a  whose ele- 
Each i n s t r u c t i o n  performs a combina to r i a l  mani- 
ments more c l o s e l y  correspona t o  t h e  n a t u r a l  i n fo rma t ion  
quantum e s t a b l i s h e d  by t h e  o p e r a t i o n a l  requirements  ( c h a r a c t e r s ,  
i n t e g e r s ,  f l o a t i n g - p o i n t s  numbers, e t c . ) .  S ince  t h e  s i z e  of  
t he  datum has inc reased ,  so too  has  the number of combinat ional  
manipula t ions  t h a t  can be performed (manipulat ion on two n - b i t  
arguments have two 2n p o s s i b l e  outcome). O f  course ,  a t t e n t i o n  
i s  normally r e s t r i c t e d  t o  those  o p e r a t i o n s  which have a r i t h -  
m e t i c  o r  l o g i c a l  s i g n i f i c a n c e .  
0 
All computer o p e r a t i o n s  f rom t h e  s t a n d p o i n t  of so f tware  
u l t i ~ + , a + - e l ~ -  r-s=l~~~e i ~ t ~  2 Y I I  cat cf i2st ruct ic2s  cf th 
fo l lowing  types :  
0 Contro l  and S t a t u s  Switching 
e Branch/Jump/Skip 
0 Load and Store 
0 Ari thme t i c  
0 Logica l  
0 Shif t /Conver t  
0 Input/Output 
Tables  1 and 2 show t h e  p a r t i c u l a r  i n s t r u c t i o n  r e p e r t o i r e  
of the t w o  c u r r e n t  contending l e a d e r s  of t h e  computer t o  be 
s e l e c t e d  f o r  OCDMS. 
t o  ex tend  computation performance i n  a con tex t  of  op t imiz ing  t h e  
W e  s h a l l  be mainly concerned w i t h  techniques  
_- 
I) 
PRC D-1180 
7 
i n t e r a c t i o n s  between g iven  sequences of these k inds  of i n s t r u c -  
t i o n s  and t h e  d a t a  stream which can b e  traced to sources  estab- 
l i s h e d  by miss ion  requirements.  
PRC ' D - 1 1 8 0  
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IBM 4r-EP INSTRUCTION LIST  
A. Fixed Po in t  I n s t r u c t i o n s  
Load 
Load 
Load Halfword 
Load and T e s t  
Load Complement 
Load Pos i t ive  
Load Negative 
Add 
Add 
Add Halfword 
Add Logical  
Add Logical 
S u b t r a c t  
Execution T i m e  (usec .  ) 
1 . 9  
5 . 0  
5 . 0  
1 . 9  
2 . 1  
2 . 1  
2 . 1  
2 . 1  
5 . 0  
5 . 4  
2 . 1  
5 .0  
3 1  
S u b t r a c t  
S u b t r a c t  Halfword 
Sub t r a c t  Logical  
S u b t r a c t  Logical 
Compare 
Compare 
Compare Halfword 
Mul t ip ly  
Mu1 ti p l y  
Mul t ip ly  Halfword 
Divide 
Divide 
S t o r e  
S t o r e  Halfword 
S h i f t  L e f t  S ing le  
S h i f t  Right S ing le  
S h i f t  L e f t  Double 
S h i f t  Right Double 
B. Logica l  I n s t r u c t i o n s  
Compare Logical 
Compare Logical  
Compare Logical  
And 
And 
O r  
O r  
Exclus ive  O r  
Exc lus ive  O r  
T e s t  P a r i t y  
&..A 
5 . 0  
5 . 4  
2 . 1  
5 .0  
. 2.1 
5.0 
6.0 
9.2 
1 0 . 4  
1 1 . 6  
2 0 . 0  
2 0 . 8  
5.0 
5.0 
Variab le  
V a r i a b l e  
Var iab le  
Var iab le  
-1. 9 
5 . 0  
5 . 4  
3 . 4  
5 . 0  
3 . 4  
5 . 0  
3 . 4  
5 . 0  
5 .0  
TABLE 1 
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Logica l  I n s t r u c t i o n s  
T e s t  Under Mask 
Sumcheck 
I n s e r t  Cha rac t e r  
S t o r e  Charac te r  
Load Address 
S h i f t  L e f t  S i n g l e  Logica l  
S h i f t  Right  S i n g l e  Logical 
S h i f t  L e f t  Double Logica l  
S h i f t  Right  Double Logical 
C. Branching I n s t r u c t i o n s  
Branch on Condit ion 
Branch on Condi t ion  
Branch and Link 
Branch and Link 
Branch on Count 
Branch on Count 
D. S t a t u s  Switching I n s t r u c t i o n s  - 
Load Program S t a t u s  Word (PSW) 
Load PSW 'Spec ia l  
S e t  Program Mask 
Set System Mask 
Change P r i o r i t y  Mask 
' Superv i so r  C a l l  
Se t  S torage  Key 
I n s e r t  S torage  Key 
E. Input/Output ( I / O )  I n s t r u c t i o n s  
S t a r t  I / O  
T e s t  1/0 
H a l t  1/0 
T e s t  Channel 
Read Direct  
Write Direct 
Execution T i m e  (usec .  ) 
5 .0 
Var iab le  
5 . 0  
5.0 
2.9 
Var iab le  
V a r i  ab l e  
Var i ab le  
V a r i a b l e  
4.2 
4.4 
4.0 
4 . 1  
4.2 
4.4 
7.5 
9.0 
2 . 1  
5.0 
5 . 4  
1 5 . 0  
4.5 
5 .6  
Var iab le  
V a r i a b l e  
V a r i a b l e  
V a r i a b l e  
V a r i a b l e  
V a r i a b l e  
TABLE 1 (Continued)  
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LITTON L-304  INSTRUCTION L I S T  
INSTRUCTION EXECUTION TIME 
( p S E C )  t 
IA 
3. 
-. *. 
I. 
DATA TRANSMISSION INSTRUCTIONS 
LOAD RE 
STORE RH 
LOAD DOUBLE 
LOAD TWO ' S COiMPLEMENT 
LOAD ABSOLUTE 
STORE DOUBLE 
MOVE AND INSERT 
MOVE AND ZERO 
EXCHANGE 
EXCHANGE DOUBLE 
ARITHMETIC INSTRUCTIONS 
ADD 
SUBTRACT 
REPLACE-ADD 
REPLACE SUBTRACT 
ADD ABOSLUTE 
SUBTRACT ABSOLUTE 
MULTIPLY 
DIVIDE 
LOG1 C INSTRUCTIONS 
EXCLUSIVE OR 
INCLUSIVE OR 
LGGICAL X i Z ,  
REPLACE EXCLUISVE OR 
REPLACE INCLUSIVE OR 
REPLACE LOGICAL AND 
SHIFT INSTRUCTIONS 
S H I F T  LONG LEFT 
LONG S H I F T  RIGHT, ALGEBRAIC 
NORMALIZE LONG LEFT 
S H I F T  AND COUNT 
REFLECT 
6.6 
6.6 
6.4 
7.2 
7.2 
6.4 
7.4 + 0 . 8 n *  
6.6 + 0 . 8 n *  
8 .8  
9 . 4  
7.2 
7.2 
7.4 
7.4 
7.2 
7.2 
1 8 . 8  + 0 . 8 n * *  
33.2 
7.2 
7.2 
7.4 
7.4 
1.4 
? ?  
1 . L  
- 
7.6 + 0 . 8 * * *  
7.6 + 0 . 8 * * *  
10.6  + 0 . 8 * * *  
8.4 + 0 .8 * * *  
7.6 + 0 . 8 * * *  
* n = NUMBER OF SHIFTW REQUIRED TO A L I G N  THE F I E L D  
n = NUMBER OF "1" B I T S  I N  MULTIPLIER 
:* n = NUMBER OF PLACES SHIFTED 
TABLE 2 
PRC D-1180  
11 
INSTRUCTION EXECUTION TIME 
( p S E C )  -i. 
E. TRANSFER INSTRUCTIONS 
F. 
G.  
3. 
MODIFY RH BY TWO; TRANSFER 
I F R H f O  
MODIFY RH BY ONE; TRANSFER 
I F R H f O  
TRANSFER UNCONDITIONAL 
TRANSFER UNCOND. AND STORE LINK 
TRANSFER ON CONSOLE X SWITCH 
TRANSFER I F  RH = 0 
TRANSFER I F  RH # 0 
TRANSFER I F  RH IS  NEGATIVE 
TRANSFER I F  RH IS P O S I T I V E  
J3M2 INSTRUCTIONS 
J V P 2  THREE WAY 
COMPARE, J U M P  I F  EQUAL 
COMPARE, J U M P  I F  UNEQUAL 
COMPARE, J U M P  I F  GFEATER 
GATED COMPARISON, J U M P  I F  I N S I D E  
GATED COMPARISON, J U M P  I F  OUTSIDE 
COMPARE, JUMP I F  LESS 
rl- i n S T  LO'YV'ER B I T ,  JUMP I F  
T E S T  UPPER B I T ,  J U M P  I F  
TEST LOWER B I T ,  J U M P  I F  
T E S T  UPPER B I T ,  J U M P  I F  
MISCELLANEOUS INSTRUCTIONS 
NO OPERATION 
EXECUTE 
S E T  LOWER B I T  
S E T  UPPER B I T  
RESET LOWER B I T  
RESET UPPER B I T  
STORE ALL ZEROS 
HALT 
INPUT/OUTPUT INSTRUCTIONS 
MEMORY BANK ASSIGNMENT 
INPUT TO REGISTER 
OUTPUT FROM REGISTER 
EXTERNAL DEVICE COMMAND 
MEMORY i3Al.l.K DESIGNATOR 
0 
0 
1 
1 
7.2 
7.2 
4.4 
6.4 
4.4 
6.4 
6.4 
6.4 
6.4 
7.4 
7.2 
7.2 
7.2 
7.2 
9.4 
9.4 
5.2 
5.2 
5.2 
5.2 
2 .2  
2.2 
5.2 
5.2 
5.2 
5.2 
5.2 
2 .2  
4.4 
7.2 
7.2 
.7.6 
4.4 
t ASSUMING NO MEMORY OVERLAP. I F  MEMORY OVERLAP OCCURS, SUBTRACT 
0.6 MICROSECOND FROM THESE TIMES. 
TABLE 2 (Continued) 
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I V .  COMPUTER CHARACTERISTICS 
A. Organiza t ion  
W e  s h a l l  be concerned with three d i f f e r e n t  k inds  of  
0 o r g a n i z a t i o n a l  f e a t u r e s  
0 c e n t r a l  p r o c e s s o r  u n i t  (CPU) f e a t u r e s  
0 i npu t /ou tpu t  (I/O) f e a t u r e s .  
computer c h a r a c t e r i s t i c s ,  i n  o u r  s e l e c t i o n  cri tera,  namely 
O f  t h e  t h r e e ,  o r g a n i z a t i o n  has t h e  m o s t  profound i n f l u e n c e  on 
o v e r a l l  a s p e c t s  o f  t h e  sof tware  system. 
such as t h e  number system, p rocesso r  s t o r a g e ,  t iming  and mach- 
ine 2rograPGing greatly e f f e c t  ~ ~ d i i ; g  p r a c t i c e s  arid performance 
a t  execu t ion  t i m e .  However, t h e  computer o r g a n i z a t i o n  has  
e q u i v a l e n t  impact i n  t h e s e  areas, and a d d i t i o n a l l y  e f f e c t s  
m o s t  s i g n i f i c a n t l y  the computer program s t r u c t u r e ,  t h e  e x t e n t  
of automation p rocesses ,  and t h e r e f o r e  t h e  amount of software 
technology involved.  
I n  order t o  make t h i s  d i scuss ion  apropos t o  t h e  develop- 
CPU C h a r a c t e r i s t i c s  
a 
ment of computer s e l e c t i o n  s t anda rds  I t h e  fo l lowing  d e f i n i t i o n s  
. are adopted from Flynn ( r e fe rence  1). 
0 i n s t r u c t i o n  Stream i s  t h e  sequence of i n s t r u c t i o n s  
performed by a machine. 
Data S t r eam i s  t h e  sequence o f  d a t a  called f o r  by 
t h i s  i n s t r u c t i o n  s t ream ( i n c l u d i n g  i n p u t  and p a r t i a l  
o r  temporary r e s u l t s )  
Bandwidth i s  an express ion  of  t ime-ra te  of occurrence.  
I n  p a r t i c u l a r ,  computational o r  execu t ion  bandwidth 
i s  t h e  number o f  i n s t r u c t i o n s  processed  p e r  second 
and s t o r a g e  bandwidth i s  t h e  re t r ieva l  ra te  of 
operand m-c? o p e r a t i c n a l  s t o r a g e  words (words/second) . 
0 
0 
~~ 
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0 Latency o r  l a t e n t  per iod  i n  t h e  t o t a l  t i m e  a s s o c i a t e d  
w i t h  t h e  p rocess ing  (from s t i m u l i  t o  response)  of a 
p a r t i c u l a r  data u n i t  a t  a phase i n t h e  computing process .  
The concepts  involved  w i t h  t h e s e  d e f i n i t i o n s  are q u i t e  
u s e f u l  i n  c a t e g o r i z i n g  b a s i c  computer o r g a n i z a t i o n s  and o ther  
f e a t u r e s  i n  an a t t empt  t o  avoid t h e  ambiguous term “ p a r a l l e l -  
i s m .  ” Organiza t ions  a r e  convenient ly  c h a r a c t e r i z e d  by the  
m u l t i p l i c i t y  of  t h e  hardware provided t o  s e r v i c e  t h e  I n s t r u c -  
t i o n  and Data Streams. The m u l t i p l i c i t y  i s  taken  as t h e  maxi- 
mum p o s s i b l e  number of s imultaneous o p e r a t i o n s  ( i n s t r u c t i o n s )  
o r  operands ( d a t a )  be ing  i n  t h e  same phase of execu t ion  a t  t h e  
most c o n s t r a i n e d  component of t h e  o r g a n i z a t i o n .  The r a t i o  o f  
t h e  number of s imultaneous i n s t r u c t i o n s  processed  t o  t h e  con- 
s t r a i n e d  m u l t i p l i c i t y  i s  called t h e  confluence (or  concurrence)  
of the system. 
Four o r g a n i z a t i o n a l  c l a s s e s  can be d i s t i n g u i s h e d  a s  a 
r e s u l t  of the above d e f i n i t i o n s :  
1) S i n g l e  I n s t r u c t i o n  Stream-Single Data Stream (SISD) 
2 )  S i n g l e  I n s t r u c t i o n s  Stream-Multiple D a t a  Stream 
3 )  Mul t ip l e  I n s t r u c t i o n  Stream-Single Data Stream 
4 )  Mul t ip l e  I n s t r u c t i o n  Stream-Multiple Data Stream 
0 
( S I M D )  . 
( M I S D )  e 
( M I M D )  . 
SISD 
W e  may b e t t e r  understand t h e  l i s t e d  o r g a n i z a t i o n a l  c l a s s e s  
i n  an e s t a b l i s h e d  r e fe rence  by g i v i n g  examples of  t h e  d i f f e r e n t  
machine conf igu ra t ions .  The RCA-110A, t h e  IBM 704-709, 7090  
are examples of SISD. 
ach ieve  i n c r e a s e d  bandwidth by va r ious  techniques  of over lapping  
t h e  v a r i o u s  s e q u e n t i a l  dec i s ion  processes .  
I 
Confluent SISD p r o c e s s o r  o r g a n i z a t i o n s  
Examples of con- 
f i g u r a t i o n s  which may be desc r ibed  i n  t h i s  manner i n c l u d e  t h e  
e 
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CDC 6600  series, and t h e  IBM System 3 6 0  and 4.rr series. E x h i b i t  
1 i l l u s t r a t e s  t h e  SISD o rgan iza t ion .  
S I M D  
S l o t n i k  ( r e f e r e n c e  2) and others d e s c r i b e  t h e  c lass ic  
SIMD-type s t r u c t u r e  as t h e  Solomon computer which r e c e n t l y  
has  been superseded and modified t o  some e x t e n t  by I L L I A C  
I V .  The L i t t o n  L-304 computers may be cons idered  a m e m b e r  
of  t h i s  class. E x h i b i t  2 r e p r e s e n t s  t h e  basic S I M D  Organiza- 
t i o n .  
M I S D  
MISD-type s t r u c t u r e s  have r ece ived  much less a t t e n t i o n ,  
b u t  have been proposed by Senziy and Smith ( r e f e r e n c e  3 )  , and 
o t h e r s .  An example of such a s t r u c t u r e  i s  shown i n  E x h i b i t  
3. 
v i r t u a l  machines o p e r a t i n g  on program sequences independent  of 
one another .  Each v i r t u a l  machine has  access t o  t h e  execu t ion  
hardware once p e r  cyc le .  Each machine has i t s  own i n s t r u c t i o n  
memory and i n t e r a c t i o n s  between i n s t r u c t i o n  streams occur  on ly  
v i a  t h e  common data  m e m o r y .  
A wide bandwidth execut ion u n i t  i s  sha red  by a number of  
e 
M I M D  
If t h e  o r g a n i z a t i o n  shown by E x h i b i t  3 i s  r e c o n s t r u c t e d  
-
so t h a t  t h e  d a t a  and i n s t r u c t i o n  streams are maintained to-  
g e t h e r  i n  p r i v a t e  s t o r a g e ,  we have an example of M I M D .  
i s  no  i n t e r a c t i o n  o r  minimum i n t e r a c t i o n  allowed between t h e s e  
v i r t u a l  machines. So long  as l a t e n t  t i m e  f o r  execu t ion  of any 
o p e r a t i o n  i s  less than  a memory c y c l e ,  no problem arises due 
t o  branching  o r  looping.  . G e n e r a l  M I M D  s t r u c t u r e s  have wide ly  
d e s c r i b e d  ( r e f e r e n c e s  4 ,  5 ,  and 15)  w i t h  l a r g e - s c a l e  m u l t i p l i -  
c i t y  proposed by Holland, and more r e s t r i c t e d  implementat ion 
b e i n g  undertaken by Burroughs m d  'v'iiivac ( re fere i ice  15). 
There 
2s 
Ol- 
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I- 0 * 
N 
4 
at 
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B. C e n t r a l  P rocesso r  Unit  (CPU)  C h a r a c t e r i s t i c s  
a 
The CPU f e a t u r e s  which r e l a t e  t o  sof tware  performance can 
convenient ly  be d i s c u s s e d  i n  terms of f o u r  major i t e m s :  
0 Number Systems 
0 Sto rage  C h a r a c t e r i s t i c s  
0 Timing C h a r a c t e r i s t i c s  
0 Nachine Programming C h a r a c t e r i s t i c s  
1) Number Systems--The r e p r e s e n t a t i o n  of  numbers i s ,  of 
0 
cour se ,  v i t a l  t o  any d i scuss ion  of computers and computer 
a p p l i c a t i o n s .  Modern d i g i t a l  computer des ign  and programming 
are fundamentally cons t r a ined  by the implemented concepts  of 
- rru,ttsrical ..- magnitude and polarity. 
It is  n o t  w i t h i n  t h e  scope of t h i s  document t o  be ove r ly  
t u t o r i a l  about  v a r i o u s  r a d i x  (or base)  r e p r e s e n t a t i o n s ,  o r  
t n e  associated convent ions f o r  handl ing p o s i t i v e  and n e g a t i v e  
q u a n t i t i e s .  
However, one of the  m o s t  fundamental ways of c h a r a c t e r -  
i z i n g  a computer i s  by i t s  number-base and word-size,  i . e . ,  
t h e  k ind  and number of d i g i t s  t h a t  can be r e t r i e v e d  from o r  
s t o r e d  i n  t h e  computer memory i n  a f i x e d  t i m e  i n t e r v a l .  I n  
many cases, t h e  memory cyc le  t i m e  and word s i z e  a lone  c o n s t i -  
t u t e  data upon which a f a i r  guess of performance can be based. 
That  i s  because performance is p r i m a r i l y  memory a c c e s s  l i m i t e d  
( i f  it i s  n o t  1/0 l i m i t e d ) ,  and t h e r e f o r e  depends upon t h e  
r a p i d i t y  of memory-access and upon t h e  va lue  which acc rues  t o  
memory-access I 
The word-size of t h e  computer e s t a b l i s h e s  t h e  v a r i o u s  
q u a n t i z a t i o n  p r o p e r t i e s  of t h e  v a r i a b l e s  processed  by t h e  CPU. 
Gross q u a n t i z a t i o n  i s  important  f r o m  our  s t a n d p o i n t  i n  s e v e r a l  
s i t u a t i o n s :  
0 Where weight  i s  a t  a premium, a s  it w i l l  be i n  the 
OCDMS computer, g ross  q u a n t i z a t i o n  reduces t h e  
r e q u i r e d  memory capac i ty  of t h e  computer. 
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a Noise i n  t h e  communication system p l a c e s  a lower 
p r a c t i c a l  l i m i t  on ana log - to -d ig i t a l  convers ions  
so t h a t  i n p u t  i s  g r o s s l y  quant ized .  
a I n  t h e  mixed system of ana log  and d i g i t a l  e lements ,  
it becomes p o i n t l e s s  to  q u a n t i z e  t o  a degree of 
p r e c i s i o n  t n a t  i s  i n c o n s i s t e n t  w i t h  t h e  accuracy 
of t h e  ana log  components. 
a For a f i x e d  program t h e  bandpass of a d i g i t a l  
computer dec reases  d i r e c t l y  w i t h  word length .  
Therefore ,  i n  t h e  i n t e r e s t  of ma in ta in ing  adequate  
bandpass,  g r o s s  q u a n t i z a t i o n  i s  d e s i r a b l e ,  i .e . ,  
use s h o r t  word lengths .  
The l a r g e r  t h e  word s i z e  of  the computer, t h e  l a r g e r  t h e  
address, o p e r a t i o n  Code, i n s t r u c t i o n ,  o r  combination of these 
data t h a t  can be accessed w i t h  a s i n g l e  memory r e fe rence .  In-  
c r e a s i n g  t h e  number of each of these program-related u n i t s  of  
i n fo rma t ion  accessed  w i t h  a s i n g l e  memory-reference has scme 
b e n e f i t s ;  however, a s u b s t a n t i a l  amount of r e g i s t e r  s t o r a g e  
( t o  h o l d  w a i t i n g  i n s t r u c t i o n s  ana t empora r i ly  unused addresses) 
and o t h e r  l o g i c  c i r c u i t r y  i s  r e q u i r e d  t o  o b t a i n  Lmproved per -  
formance i n  t h i s  way. Rut such b e n e f i t s  are conf ined  t o  pro- 
gram access: 
addresses and i n s t r u c t i o n s  themselves as t h e  operands t o  be 
processed. I n c r e a s i n g  t h e  s i z e  of each of  t h e s e  program- 
re la ted u n i t s  of informat ion  on t h e  o t h e r  hand, has a sub- 
s t a n t i a l ,  a l though cond i t iona l ,  e f f e c t  on performance. In-  
c r e a s i n g  t h e  addres s  s i z e  i s  of g r e a t  va lue  i f  t h e  s t o r a g e  
t o  be  addressed  may be increased .  I n c r e a s i n g  t h e  i n s t r u c t i o n  
s i z e  pe rmi t s  a l a r g e  v a r i e t y  of i n s t r u c t i o n s ,  and t h u s  a l lows  
more spec ia l -purpose  f e a t u r e s .  These b e n e f i t s  may o r  may n o t  
be s i g n i f i c a n t ,  depending upon t h e  j o b  t o  be performed. 
0 
no b e n e f i t s  a r e  o b t a i n e d  i n  t h e  a c c e s s i n g  of 
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J u s t  as t h e  word-size depends on t h e  scope o f  a p p l i c a t i o n  
so t o o  i s  t h e  choice  of  number r e p r e s e n t a t i o n .  The choice  of 
nunber system and p o l a r i t y  i s  f o r  t h e  most p a r t  independent 
of t h e  p h y s i c a l  dev ices  be ing  used. I n  c u r r e n t  usage most 
computers are e i t h e r  b i n a r y  or  b i n a r y  coded decimal  systems. 
Negative numbers a r e  normally r ep resen ted  by sign-and-magnitude, 
radix-complement, o r  diminished radix-complement. Recent ly  
in t roduced ,  however, i s  negat ive- rad ix  a r i t hme t i c  f o r  which 
t h e  proponents  such a s  deRegt promise r e v o l u t i o n a r y  changes 
i n  d i g i t a l  computer o rgan iza t ion  and des ign  philosophy (see 
r e f e r e n c e  6 ) .  Advantages p ro jec t ed  inc lude :  
0 s i g n i f i c a n t  r educ t ion  of system-level  l o g i c  and 
i n t e r -  conne c t  i o n s  ; 
0 v a r i a b l e  word-size ope ra t ions ,  modular construc-  
t i o n ,  program c o n t r o l  of r e g i s t e r  l e n g t h ,  and 
program c o n t r o l  of computer c o n f i g u r a t i o n  through 
nega t ive - rad ix  mechanics w i l l  promote easy  hardware 
redundancy and g r a c e f u l  system degrada t ion;  
0 i n c r e a s e d  modular i ty  of complex u n i t s  which w i l l  
i n  t u r n  be maae economicaiiy possible by "ue 
n e g l i g i b l e  cost  d i f f e r e n c e  between s imple and 
complex i n t e g r a t e d  c i r c u i t s .  
c- 
2 )  Storage  Systems--The hign-speed, random access  memory 
characterist ics are always a most s i g n i f i c a n t  a s p e c t  t o  any 
computer s e l e c t i o n  c r i te r ia .  The most impor tan t  s e l e c t i o n  
characterist ics of i n t e r n a l  memory are o r g a n i z a t i o n ,  c a p a c i t y  
and t iming.  The f e r r i t e  core  memories a v a i l a b l e  i n  most 
computers of  today are c l a s s i f i e d  i n  l o g i c a l  o r g a n i z a t i o n s  
as fol lows:  
0 3 0 ,  o r  co inc iden t - cu r ren t ;  
0 23jD, 3-wire-in smal le r  and f a s t e r  main memories 
6 (10 b i t s )  ; 
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0 2 4 D ,  2-wire-in the  l a r g e r ,  s lower bulk core  
0 2 D ,  o r  l i n e a r  s e l e c t  o rgan iza t ion .  
memories, (5  x l o 6  b i t s  and g r e a t e r ) ;  
Thin f i l m  memories which a r e  now becoming a v a i l a b l e  f a l l  
i n t o  two g e n e r a l  groups: 
c y l i n d r i c a l  f i l m  ( p l a t e d  w i r e )  m e m o r i e s .  
u s u a l l y  organized  as 2 D  ( l i n e a r  se lec t )  c o n f i g u r a t i o n s ,  b u t  
2)iD p l a t e d  w i r e  memories have a l so  been developed. 
f i l m  memories have c y c l e  times ranging  f o r  0 . 5  microsecond t o  
1 0 0  microseconds and w i l l  undoubtedly become much more impor- 
t a n t  f o r  a p p l i c a t i o n s  i n  which f a s t  c y c l e  t i m e  i s  a r equ i r e -  
ment. 
The o r g a n i z a t i o n  of compute r  memory has  a d i r e c t  e f f e c t  
on system performance and cos t .  
r e l i a b i l i t y  of t h e  system are a f u n c t i o n  of t he  o r g a n i z a t i o n  
( 2 0 ,  3D, etc.)  , b u t  also t h e  s i z e  and l o g i c a l  dimensions of 
t h e  memory modules. 
wnicn a r e  m o s t  l i k e l y  t o  e f f ec t  t k  p c r f a x z z c o  ir? XDKS 
a p p l i c a t i o n s  inc lude :  
t h e  p l a n a r  f i l m  memories and t h e  
B o t h  t ypes  are 
The t h i n  
The cost ,  performance, and 
I which i n c l u d e s  n o t  on ly  t h e  l o g i c a l  s t r u c t u r e  i n d i c a t e d  above 
0 
I n  a d d i t i o n  t o  memory o rgan iza t ion ,  t h e  c h a r a c t e r i s t i c s  
0 Communication and c o n t r o l  lilies t o  and f r o m  
s t o r a g e - s p e c i a l  ind ica tors  may be needed such 
as : 
- Address Reg i s t e r  CLEAR 
- Informat ion  R e g i s t e r  CLEAR 
- A l l  R e g i s t e r s  CLEAR 
- END-OF-CYCLE I n d i c a t i o n  
- Read Access Complete 
General handl ing  of t h e  se t  and c l e a r  f o r  
r e g i s t e r s  I whether t o  clear a11 registers auto-  
m a t i c a l l y  and c o n t r o l  f l i p - f l o p s  a t  t h e  end  of 
t h e  c y c l e ,  o r  t o  set  t h e  r e g i s t e r s  d i r e c t l y  t o  
t h e  new s t a t e .  
0 
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0 Incrementing t h e  address  r e g i s t e r  from a 
s i n g l e  c o n t r o l  l i n e  by making the  r e g i s t e r  
i n t o  a counter .  
0 Mode of d a t a  t r ans fe r - - the  d a t a  and c o n t r o l  
can be t r a n s f e r r e d  e i t h e r  s ingle-ended o r  
double-ended by t r a n s m i t t i n g  only t h e  ' ' t r ue"  
of t h e  d a t a ,  o r  both t h e  ' ' t rue"  and "complement" 
of  t h e  d a t a .  
0 P a r i t y  gene ra t ion  and checking (cons idered  
mandatory f o r  t h e  OCDMS a p p l i c a t i o n ) .  
0 Memory r e t e n t i o n  on power down ( e s s e n t i a l  
f o r  t h e  OCDPIS computer).  
3 )  Timing--Timing c h a r a c t e r i s t i c s  refer t o  t h e  i n s t r u c -  
t i o n  execut ion  t i m e s  such  as given by Tables 1 and 2 ,  and t h e  
s e v e r a l  a s p e c t s  o f  memory-timing such as c y c l e  t i m e ,  read 
access t i m e ,  and va r ious  la tency  pe r iods .  The system concern  
i s  t o  be a s su red  t h a t  computer through-put i s  s u f f i c i e n t  f o r  
t h e  a p p l i c a t i o n .  I n  t h e  OCDMS a p p l i c a t i o n ,  concur ren t  a c t i -  
v i t y  requirements  r e s u l t  d i r e c t l y  i n  a s i t u a t i o n  t h a t  computer 
I / O ,  d a t a  a c q u i s i t i o n ,  a n i  daca processi i ly  i a i e s  iitay o n l y  he 
known i n  a s t a t i s t i c a l  s e n s e .  That  i s ,  t o  s a t i s f y  t h e  func- 
t i o n a l  requirements ,  a combination o f  ope ra t ion  c o n r o i  pro- 
gram must be  allowed t o  compete t i m e w i s e  f o r  computer and 1/0 
a c t i o n s .  Therefore ,  t h e  a c t u a l  ra tes  w i l l  be v a r i a b l e  and can 
be d e s c r i b e d  only by t h e  s t a t i s t i c a l  d i s t r i b u t i o n  of t h e  I / O  
demand, and of t h e  a s s o c i a t e d  dev ice  s e r v i c e  t i m e s .  CPU per-  
formance charac te r i s t ics  o r  des ign  f e a t u r e s  t h a t  are compatible  
o r  f a c i l i t a t e  programming i n  t h i s  environment w i l l  be of 
s i g n i f i c a n t  advantage.  
4 )  Machine-Programming--The remaining k inds  o f  CPu 
c h a r a c t e r i s t i c s  which re la te  t o  sof tware  p ~ r f o r m a n c e  may be 
l i s t e d  i n  a machine-programming c l a s s .  
o 
I t e m s  covered i n c l u d e  
t h e  fol lowing:  
0 
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0 
o N u m b e r  of i n s t r u c t i o n s  
o Addresses / in s t ruc t ion  
0 Number of index reg is te rs  
o I n d i r e c t  address ing  
o F l o a t i n g  p o i n t  hardware 
' 0 I n t e r r u p t  c o n t r o l  
0 S p e c i a l  f e a t u r e s :  
- Micro-programming 
- Hardware queuing 
- Overflow/underflow p r o t e c t i o n  
- Double p r e c i s i o n  a r i t h m e t i c  
- Extended operands 
- Segmented-word o p e r a t i o n s  
These k inds  of  c h a r a c t e r i s t i c s  a r e  g e n e r a l l y  exp la ined  i n  
e x t e n s i v e  d e t a i l  f o r  any computer under c o n s i d e r a t i o n .  Thus, 
no f u r t h e r  c o n s i d e r a t i o n  i s  given t o  them here .  
C. 1nput;Output ( I / O )  C h a r a c t e r i s t i c s  0 
The t h i r d  main ca tegory  of computer c h a r a c t e r i s t i c  covered 
by our OCDMS seiectioii zi-i teriz ~ z ' ; s ~ ~ . ~ z . E  1,'Q cosl?_munication 
c o n t r o l s  and p e r i p h e r a l  devices  a s s o c i a t e d  w i t h  t h e  OCDMS 
computer. The communication c o n t r o l s  apply t o :  
0 N u m b e r  of channels 
0 Devices/channel 
o Minimum d a t a  r a t e s  
0 Maximum d a t a  r a t e s  
0 Number of i n t e r r u p t s / l e v e l s  
o Data r e p r e s e n t a t i o n s  
e i3uffer s i z e s  
0 Mult ip lex ing  and de-mult iplexing 
o Asynchronous ope ra t ions  
The c o n s i d e r a t i o n  of m o s t  p e r i p h e r a l  dev ices ,  of cour se ,  
i s  l i m i t e d  t o  t h e i r  p o s s i b l e  usage i n  conjunct ion  w i t h  t h e  
Suppor t  System. The Superv isor  System by c u r r e n t  d e f i n i t i o n  a 
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has  an i n t e r f a c e  l i m i t e d  t o  magnetic t a p e  u n i t s ,  remote 
0 
o p e r a t o r '  s console ,  and t o  the  communication subsys t e m  
which i s  composed of: (see re fe rence  11) 
0 Computer I n t e r f a c e  Uni t  
8 S i g n a l  Adapters  
0 Cont ro l  and Display Unit  
i n t e r e s t  f o r  t h e  p e r i p h e r a l  devices  inc lude :  
Performance c h a r a c t e r i s t i c s  and des ign  a t t r i b u t e s  of 
* 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Magnetic t a p e  u n i t s  
Puncnea card u n i t s  
Paper  t a p e  u n i t s  
Line p r i n t e r s  
D i s c  s t o r a g e  
Magnetic c a r d s  
I n t e r -  ac t i v e  d i  sp l ays  
Console typewr i t e r s  
Con t ro l  pane l s  
D i sp  1 ay s 
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V. COMPAFtATIVE ANALYSIS 
The concluding remarks i n  S e c t i o n  I1 i n d i c a t e s  t h a t  S/AA 
experiments  and the a p p l i c a t i o n  of OCDMS w i l l  g e n e r a l l y  l e a d  
t o  automated procedures  ope ra t ing  on sets of v a r i a b l e s  f o r  
which s imultaneous independent o p e r a t i o n s  can u s u a l l y  be 
performed on t h e  i n d i v i d u a l  v a r i a b l e s .  This  sugges t s  t h a t  
t h e  t e c h n i c a l  a r e a s  invo lv ing  so f tware  w i l l  nave a common 
denominator i nvo lv ing  c a l c u l a t i o n s  and o p e r a t i o n s  t h a t  may 
be expressed  by ma t r ix  s o l u t i o n s  o r  a mesh of n u n e r i c a l  va lues .  
r n 7 -  11le - c a l c u l a t i o n s  are t y p i f i e d  by mathematical  t echniques  used 
i n  t h e  s o l u t i o n  c;f l i n e a r  systems, t h e  calculation of inverses 
and e igenvalues  of mat r ices ,  c o r r e l a t i o n  and a u t o c o r r e l a t i o n ,  
and numerical  s o l u t i o n  of systems of o r d i n a r y  and p a r t i a l  
d i f f e r e n t i a l  equa t ions .  Such c a l c u l a t i o n s  are encountered 
throughout  t h e  e n t i r e  spectrum of  a p p l i c a t i o n s  i n  space vehi-  
c le  checkout,  communication guidance and c o n t r o l ,  o r b i t  c a l -  
c u l a t i o n s ,  c h a r a c t e r  r ecogn i t ion  hydrodynamics, h e a t  f low, 
d i f f u s i o n ,  r a d a r ,  d a t a  process ing ,  numerical  weather  fo re -  
c a s t i n g ,  and d a t a  management. 
0 
This  be ing  t h e  c a s e ,  t he  L i t t o n  L-304 Computer has some 
b a s i c  advantages over  t h e  IBM 4n-EP i n  terms of  i t s  o v e r a l l  
o r g a n i z a t i o n .  A s  i n d i c a t e d  i n  Sec t ion  I V ,  t h e  L i t t o n  L-304 
may be c l a s s i f i e d  as a SIMD-type s t r u c t u r e .  There are essen-  
t i a l l y  6 4  u n i v e r s a l  execut ion  u n i t s  each w i t h  i t s  own access  
t o  operand s t o r a g e .  The s i n g l e  i n s t r u c t i o n  s t ream can act  
on 6 4  operands wi thou t  us ing  t h e  confluence t echn iques  such 
as employed i n  t h e  47r-EP. Communication between u n i t s  i s  
r e s t r i c t e d  t o  a predetermined neighborhood p a t t e r n  and must 
a l so  proceed i n  a u n i v e r s a l  uniform fa sh ion  e s t a b l i s h e d  by 
au tomat i c  program queuing and t r i g g e r i n g  mechanism, and t h e  
procedure f o r  program l e v e l  a c t i v a t i o n .  
. 
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The IBM 4n-EP i s  an example o f  t h e  c o n f l u e n t  (concurren t )  
I s~s~-t-pe s t r u c t u r e  which employs techniques  t o  o v e r l a p  t h e  
c u t i o n  of t n e  i n s t r u c t i o n .  
f i c a n t  i n c r e a s e  i n  t h e  memory bandwidth and t h e  execu t ion  band- 
width i n  comparison t o  t h e  b a s i c  SISD o rgan iza t ion .  
one p a r t i c u l a r  b o t t l e n e c k  can  n o t  be  avoided. Th i s  b o t t l e n e c k  
i s  t h e  need t o  decode one i n s t r u c t i o n  i n  a g iven  u n i t  of  t i r e .  
Thus, no more t h a n  one i n s t r u c t i o n  can be  r e t i r e d  i n  t h e  same 
t i m e  quantum, on t h e  average. 
by t a k i n g  2 ,  3 o r  n d i f f e r e n t  i n s t r u c t i o n s  i n  t h e  same decode 
c y c l e ,  and no l i m i t a t i o n  p laced  on i n s t r u c t i o n  interdependence , 
t h e  number of  i n s t r u c t i o n  types  t o  be c l a s s i f l e d  wouid be  i n -  
c r e a s e d  by t h e  combinat icnal  amount (M d i f f e r e n t  i n s t r u c t i o n s  
taken  n a t  a t i m e  r e p r e s e n t s  M n d i f f e r e n t  outcomes) , and t h e  
decoding mechanism becomes correspondingly more complex. 
X e s t r i c t i o n s  must be p l aced  on t h e  occurrence of e i t h e r  s p e c i -  
f i c  t y p e s  of i n s t r u c t i o n s  or  i n s t r u c t i o n  dependencies.  
i n  t u r n ,  demands r e s t r i c t ive  programming p r a c t i c e s ,  and/or 
cc:zstrzics t he  = c s s i b l p  extent nf  t h e  OC3MS a p p l i c a t i o n .  
I 
I var ious  s e q u e n t i a l  d e c i s i o n  processes  which make up t h e  exe- 
T h e s e  techniques  achieve  a s i g n i -  
However, 
If t h e  o r g a n i z a t i o n  i s  extended 
Th i s ,  
e 
Although t h e  L-304 has d i s t i n c t  advantages w i t n  r ega rd  
L^ U t h e  above c o n s i d e r a t i o n s ,  nc~~rertheless , it ranrpsants  
c e r t a i n  d i f f i c u l t i e s  too.  These d i f f i c u l t i e s  i nc lude :  
1) Latency i n  t h e  i n s t r u c t i o n  stream f o r  SISD-type 
branches i s  r ep laced  by l a t e n c y  i n  t h e  d a t a  
stream caused by operand communication (forwarding 
problems) .  
SIMD o r g a n i z a t i o n  i s  i n c o n s i s t e n t  w i th  much c u r r e n t  
sof tware  technology and techniques  such as compiler  
a lgor i thms and ope ra t ing  system procedures .  
T h e  u n i v e r s a l i t y  of t h e  execut ion  u n i t s  d e p r i v e  
them of maximum e f f i c i e n c y .  
2) 
3) 
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0 
These d i f f i c u l t i e s  c n i e f l y  r e p r e s e n t  a r e a s  f o r  wnich new 
I 
technology must be  developed. A s  t h e  improved t echn iques  
become a v a i l a b l e ,  t hen  a rea l  p o t e n t i a l  e x i s t s  t o  a l low t h e  
d e f i n i t i o n  and development of spaceborne computer system w i t h  
performance and des ign  f e a t u r e s  t o  inc lude :  
S e l f - r e p a i r  
o Programmed i n t e r c o n n e c t i o n s  
o Graceful  degrada t ion  
o Inc reased  r e l i a b i l i t y  
o Inc reased  s i m u l t a n e i t y  of o p e r a t i o n s  
o V a r  iable-con f i g u r a t i o n  
o Reduced power consumption 
I n  the. p a r t i c u l a r  i n s t a n c e  where c u r r e n t  OCDMS s tudy  
e f f o r t s  may lead t o  breadboard a c t i v i t i e s  and developmental  
f a c i l i t i e s ,  t h e  Litton-304 i s  a bet ter  choice  i f  c o m p a t i b i l i t y  
w i t h  OCDMS o p e r a t i n g  concepts ,  and technology a s p e c t s  of s o f t -  
i m p l i c a t i o n s  and a v a i l a b i l i t y  of manufacturer-suppl ied s o f t -  
w a r e  are cons idered  about  the same f o r  both L i t t o n  and IBM. 
T h i s  i s  d i scussed  i n  grear;er deLai i  i n  tile F i e L e i x e d  iViaTiu-  
f a c tu re r -Supp l i ed  Software Memo, r e fe rence  13. Table  3 
summarizes the  comparison of computer f e a t u r e s  between t n e  
L i t t o n  L-304 and t h e  I B M  System 4 P1-EP. 
* 7 -  w a r e  a r e  t h e  major a r e a s  o f  s e l e c t i o n  concern.  The cos t  0 
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V I .  OTHER STANDARDS OF SELECTION 
The a c t i v i t y  t o  develop q u a n t i t a t i v e  measures f o r  selec- 
t i o n  of t h e  OCDMS computer has been a j o i n t  MSFC/PRC e f f o r t .  
I n  t h e  p rocess  of doing t h i s ,  some 3 1  a i r b o r n e  computers have 
been eva lua ted  as l i s t e d  i n  Table 4 and d i scussed  by r e f e r e n c e  
9.  Computers t h a t  s a t i s f y ,  o r  which may e a s i l y  be modif ied t o  
m e e t ,  t h e  requirements  o f  t he  OCDMS General S p e c i f i c a t i o n  are 
s t i l l  cons idered  candida te  s y s t e m s .  
A d d i t i o n a l  c r i t e r i a  h a s  been es tab l i shed ,  b u t  n o t  classi-  
f i e d ,  as mandatory. These are l i s t e d  i n  f o u r  c a t e g o r i e s  below 
and orde red  accord ing  t o  their relative ixpor tance .  
1) CPU Characterist ics 
0 Index r e g i s t e r s :  8 o r  more 
0 Hardware queuing 
0 Double p r e c i s i o n  a r i t hme t i c  
0 32-Bit operands 
0 Hardware overflow p r o t e c t i o n  
0 E x t e r n a l  i n t e r r u p t s :  32 or more 
0 Discrete 11’0: 32 each 
Micro-programming. 
s F l c G t i T A G - @ ; t  h&r=7,:.:mre 
2) Memory 
0 Memory p a r i t y  
0 Cycle t i m e :  2 1.1 sec maximum 
0 Memory modules : independent  
0 Word-size: 32-bits 
0 Half-word ope ra t ions  
0 Memory modules: independent ly  addres sab le  
0 Memory s i z e :  expandable t o  65,536-bi ts  
(8,192 b y t e s )  
PRC D - 1 1 8 0  
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A u t o n e t i c s  D26C 
A u t o n e t i c s  D 2 6 J  
CDC 5 3 6 0  
CDC 5 4 0 0  & -8 
CDC 5500  
CDC SKY I 
G e n e r a l  E l e c t r i c  A 2 2 4  
G e n e r a l  E l e c t r i c  A 6 0 5  
C P I  MOD L90-1 
H o n e y w e l l  - A l e r t  
H m e y w e l l  H - 3 8 7  
H u g h e s  HCM 2 0 5  
H u g h e s  HCM 206 
IBM 4a-CP 
IBM 4a-EP 
IBM LVDC 
L i t t o n  L - 3 0 4  
L i t t o n  L-305 
L i t t o n  L-306 
L i t t o n  L - 2 0 4 0  
L i t t o n  L-3050 
L i t t o n  L-3036 
N o r t h r o p  NDC-1051 
Sper ry  Mk. X I 1  
Sper ry  M k .  X I V  
T e x a s  I n s t r u m e n t  Model 2 5 0 1  
TRW 4 4 1 8  
UNIVAC 1818 
UNIVAC 1 8 2 4 - C  
UNIVAC 18  3 0 -AM 
RCA VIC-24A 
- 
TABLE 4 - AIRBORNE COMPUTERS STUDIED 
FOR THE OCDMS APPLICATION 
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0 Memory module s i z e :  8 ,192-b i t s  (1024 b y t e s )  
p e r  module. 
3) Input/Output 
0 1/0 Channels: 3-buffered 
0 CPU and e x t e r n a l  devices:  asynchronous 
0 Magnetic t a p e  opera t ions :  ser ia l  d a t a  t r a n s -  
0 PCM Telemetry ope ra t ions :  ser ia l  data  t r a n s -  
f e r  by byte .  
f e r  by byte .  
0 Byte r a t e s :  
.Magnetic t a p e  - 1 2  k by te s / sec  
i?CM T e l e x e t r y  - 6 k by tes / sec  
Digital C~znand System - 50 wnrds/sec 
T i m e r s  - 1 k words/sec 
Con t ro l  Dispaly Unit  - 15 k words/sec 
S i g n a l  Adapters  - 15 k words/sec 
0 Data t r a n s f e r s :  p a r a l l e l  words excep t  as 
noted  above. 
4 j Pii--s i<al  FezJ-.dres 
0 Weight: minimum (less than  1 0 0  pounds) 
0 Size:  minimum (less than 2 a & i c  feet)  
0 Power: minimum (less t h a n  300 w a t t s )  
0 R e l i a b i l i t y :  g r e a t e r  than  0.980 
0 Space q u a l i f i e d :  w i t h  minimum development 
0 Cooling: compatible w i t h  v e h i c l e  
0 M a i n t a i n a b i l i t y :  reasonable  p r e v e n t a t i v e  
0 T e s t  p lugs:  wi thout  mod i f i ca t ion  
0 A v a i l a b i l i t y :  w i th in  6 months 
0 Spare  p a r t s :  as r equ i r ed .  
main t e n  ance 
